Decision making and thus the individual andjoint behavior in a collaborative
. However, from the analysis of these works, it can be concluded that there is no consensus about what a value system is, what elements belong to it, and how they are characterized.
The involvement of different types of stakeholders in a collaborative network, representing different interests and concerns of organizations, raises the risk of misunderstandings. It is therefore important to formalize the value system concept in order to promote a shared understanding. Moreover, formal conceptual models allow for a sounder analysis and provide a basis for the design of inter-organizational information systems that better support collaborative networked organizations (eND). Therefore, this paper intends to give a contribution to a better understanding of this concept.
VALUE SYSTEM CONCEPTUAL MODEL

Value and evaluation base concepts
First a set of concepts about value and evaluation are introduced in order to allow a better understanding of the value system formal definition.
In literature the term value is used in diverse ways and for distinct purposes, often with an unclear meaning. Value in its plural form usually refers to beliefs as "an enduring belief that a specific mode of conduct or end-state of existence is personally or socially preferable to an opposite or converse mode of conduct or end-state of existence" (Rokeach,1973) . Theories about values as a shared belief have been developed in Sociology and Psychology. Value in its singular form can also be used with different meanings. For instance, the concept of value involved in the mechanism of exchange is defined as: "how much is given in exchange of a product or service". This concept was first developed in the economic theories, where all products and services have an associated price that is the reference value used for the exchange. In sociological studies, Piaget (Piaget,1965) and Homans (Homans,1958 ) developed theories about the dynamics of value exchange, where the notion of value is extended from the specific association value-price and value-cost to a wider notion, under which, the term value is associated to "anything that can give rise to an exchange" (Piaget,1965) . Also in this sense, values are not only material objects, but may also be actions, ideas, emotions, social habits, etc. For Piaget, the economic value is a quantitative value while social interactions comprise essentially qualitative values exchange. The concept of value as the utility of a product or service, considers that value comes from the qualitative characteristics of a product or service. Under this perspective, the theory of Value Analysis has developed methods for defining the value of a product, depending on its internal qualities. An object has value to the degree it fulfils its concept (Mefford,1997) . Finally, the concept of value as meaning considers that something can have value not depending on its utility but depending on its significance. The meaning of a product, service or attitude depends a lot from the social and cultural context.
In an attempt to cope with the various perspectives mentioned above, the following general definition of value is proposed.
I Vallie is the relative worth. utility or importance of something. Towards a conceptual model of value systems in eN
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In order to explain this definition of value and how it embraces various meanings of value, the concepts of evaluation o~iect, evaluator, and evaluation have to be introduced. An evaluation object can be anything that is valuable for the evaluator. (e.g. resources, processes, behaviors, relationships, beliefs, information etc.) The evaluator is the entity that performs the evaluation. This entity can be an individual person, a social group (organization, government, virtual organization), or an instrument. Evaluation is the act of judging, measuring or calculating the quality, importance, or amount of something.
Judgment, measurement and calculation are made essentially through two basic forms: in an objective way, by applying rules and formulas to the data that characterize the evaluation object, and in a subjective way, by using mental perception about the importance, the quality or the quantity of something. In other words, the value of something depends on the function used to evaluate it. This function can be:
• A numeric function that assigns a number to an evaluation object. This number represents the vallie of this object in one dimension and the function implements the calculation fonnula of an indicator, an estimation method, or a measurement function of an instrument. The measurement process involves estimating the ratio between the magnitude of a quantity and the magnitude of a unit of the same type (e.g. length, time, mass, etc.). A measurement is the result of such process expressed as the product of a real number and a unit, where the real number is the estimated ratio. In order to define a function that implements an act of measurement, properties like monotonic, replicability and finite additivity should be studied.
• A qualitative function that represents a mental process or a qualitative judgment.
This function assigns a qualitative value to something, as illustrated in Fig. 1 . The properties of monotonic and replicability should also be satisfied by qualitative functions. When making an evaluation, we are often evaluating not the overall object but a specific characteristic of this object. Therefore, it is relevant to provide a way to specify the evaluation of a particular property of an object. For instance, products, services and behaviors have several characteristics and each characteristic can be evaluated independently. When making a global evaluation, we are evaluating several characteristics and aggregating the corresponding individual values in order to reach a global value.
To better clarify this notion, two other terms are introduced: evaluation dimension and evaluation perspective.
I Evaluation dimension -Characteristic of an object thai is evaluated.
The different characteri lies of an object may have different degrees of importance to the actor that performs the evaluation (Note: Sociologists usually use the term "priority" to denominate the concept of degree of importance of a dimension). This idea is represented by a ociating, to each evaluation dimension, a weight that represents its de ree of im ortance.
Degree of importance -Level of importance of an evaluation dimension for a given evaluator.
Depending on the objective of the evaluation, a different set of evaluation dimensions can be considered to evaluate an object, as illustrated in Figure 2 . The set of selected evaluation dimensions to evaluate an object are denominated as evaluation perspective. Examples of possible perspectives:
• The business perspective, where a set of characteristics related to the business is considered.
• The social perspective, where a set of characteristics related to social, moral and cultural aspects is considered.
• The cooperation perspective, where a set of chamcteristics related to cooperation relationships, such as: adaptability, affinity, reliability, and agility, are considered.
The evaluation dimensions that compo e a perspective can have different degrees of im ortance.
Evaluation perspective -A selected set of evaluation dimensions and the
The following propositions are an attempt to formalize the above ideas using algebraic expressions.
(EI) Value of x is defined as the result of evaluating x with the function f
(E2) S is the set of things that can be evaluated. if x belongs to S then x is an evaluation object.
(E3) F is the set of evaluation functions and is defined as Vf E F,3x
where Sf is composed of the elements of S that can be evaluated using the function f Evaluation functions can be divided into: Numeric functions and Qualitative functions.
Essentially what distinguishes these two is their co-domain. F = QF U NF where:
• NF is the set of numeric functions. If f E NF , f is a numeric function defined as: f: Sf -.91 where s( c S The value resulted from the evaluation of x using the numeric function/is a real number. In some cases the result of the evaluation is expressed as the product of a real number and a unit.
where u is the unit of measurement ( e.g. 3[ms-2 ] , to [kg] ).
• QF is the set of qualitative functions. If f belongs to QF then / is a Qualitative function defined as:
where Sf C sand
Yi IS a qualitative ordinal.
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The value resulted from the evaluation of x using the qualitative function f is a qualitative value.
(E4) The set of evaluation dimensions can be defined as • dv is the dimensions-vector of x that is defined as:
This vector expresses the set of characteristics of an object that are evaluated .
• wv is the weights -vector and is represented as:
Each element of the vector represents the degree of importance of the corresponding characteristic specified in dv. Note: The vector should be normalized in order to allow comparing the importance of a particular characteristic by distinct evaluators. For each element of the dimensions vector, a function has to be defined! selected in order to evaluate the corresponding characteristic of the object. So, for each dimensions-vector an evaluation-vector can be specified as:
In order to represent the fact that an object can be evaluated through different perspectives, the operator Sjs defined as:
x:=: pe, meaning x is evaluated through the perspective pe, where XES /\ pe E P and P is the set of perspectives. This example does not intend 10 specify which dimensions should be used 10 evaluate a partner. rt simply tries to illu trate the application of the evaluation pcrspeetive concept as it was defmed in (£5).
Suppose that a C 0 mallagcr wants to evaluate a partner (an enterprise). Distinct evaluation perspectives call be defincd . In Ihe case illustrated in Figure 2 
A definition of value system
Before defining the concept of value system it is necessary to introduce some auxiliary definitions: A system is an assemblage) of inter-related elements comprising a unified whole. Any element which has no relationship with any other element of the system cannot be a part of that system. So a system can be formalized as a duple: (E6) SYS=<EL,RE> where EL is set of elements and RE is the set of relationships among the elements of EL.
(E7) Value objects subsystem (OS) is a system composed of the objects that can be evaluated and can be defined as a duple: as = <S, RS> where:
• S is the set a valuable things • RS is the set of relationships among the elements of S, which can be essentially of two types: composition and specialization. (ES) Evaluation subsystem (ES) is a system composed of all elements that represent "mechanisms" of evaluation (functions, dimensions and perspectives) and can be defined as a duple:
ES=<EF, RE > where EF represents all the elements that belong to the evaluation subsystem and is defined as a triple: EF =< F,D,P > where:
• F is the set of evaluation functions; D is the set of evaluation dimensions and P is the set of evaluation perspectives.
• RE is the set of relationships among the elements of EF. These relationships can be categorized as: o Composition-relation -One function is defined by aggregation of two or more functions. o Evaluates-relation -The relation is specified by the operator <1>, that specifies that a function can be used to evaluate a specific dimension. o Priority-relation -The relation that specifies the degree of importance of a characteristic in an evaluation perspective. Using these auxiliary concepts, we can now formally define a value system. (E9) A value system (VS) is composed of an aggregation of two subsystems, the value objects subsystem and the evaluation subsystem, and the set of relations established between them. Thus VS can be specified as a duple VS =< EVS,RVS > where:
• EVS =< OS, ES > is the aggregation of the two subsystems that compose the value system. as is the set of valuable things for an organisation and ES represents the set of mechanisms used for their evaluation under different perspectives, where each perspective is composed of a weighted set of dimensions of evaluation .
• R VS represents the set of relationships between the two sub-systems. According to the systems theory, if there is a relation between two elements of different subsystems, this implies that these two subsystems are related. These two subsystems are related by two categories of relationships: o Value-relation -What relates a function and an object is the value resulting from evaluating the object using that function. o Perspective-relation -The relation that is defined by the operator 3, that specifies that an object is evaluated through a given evaluation perspective.
) assemblage -a collection of things or a group of people or animals, in Cambridge Dictionary.
This definition of value system can be applied to a CNO. Considering that a CNO is composed of several organisations, it is possible to define the value system for each organization and the value system for the network as a whole. The value .\ystem of a CNO is defined as:
(EtO) VS CNO =< EVSCNO,RVSCNO > where EVSCNO is composed of the two subsystems:
• Value objects subsystem (OSCNO), containing the set of CNO valuable things such as financial resources, human resources, processes, information, relationships with external entities, brands .
• Evaluation subsystem (ESc'No), containing the set of evaluation functions (FCNO); the set of characteristics that are going to be evaluated for each object (DCNO), and the set of evaluation perspectives used in the CNO (PCNO)'
Each CNO should define the order and prioritization of the dimensions of evaluation that will be used during its life-cycle. The set of functions, dimensions and perspectives of evaluation should be defined during the CNO set-up and all partners should know and agree on them. The change of one of these elements during the CNO operation should be done with the agreement of all partners.
For some CNO processes not just the specification of the CNO value system is relevant, but also the specification of the value system of each partner can be useful. For example, in the partner's selection process, in order to choose the partner that best fits a coalition in terms of shared common beliefs, it is necessary to know both the value system of the candidate members and of the planned CNO.
Application example: Dennition of order a nd prioritization of core-values in a NO
Thi example doc not intent to pecify which "core values" hould belong to thc Value y tern of any C O. It imply iIIu trate how the el of "core value" can be pecified according to the propo cd modeling approach. The hown "core value " are ba cd on the findings of a survey concerning the definition of value systems performed by ECOLEAD (Romero,2006) .
The definition of the et of evaluation dimensions that are important to the members of thc 0 and that guide all action hould be peeified during it configuration. Thi notion of order and prioritization of "core values ,. can be mapped onto our conceptual modcl by the evaluation per pective. Imagine that a C 0 defines that the most relevant attributes for thc network are: Quality, Reliability, Flexibility, Innovation ( ec Figurc 3) . Thc e four attributes do not have the same degree of importance. Thus the 0 hould specify the dcgree of importance of each attribute and all members of the 0 hould be aware that all decisions and behavior hould be in accordance to this perspective of evaluation.
For each dimension of evaluation (each attribute) an evaluation function should be defined in a collaborative way. The definition of method to evaluate agility, quality, re liability and flexibility arc not tandard, and cvcral tudie proceed in thc c arca .
In the proposed conceptual model the specification of the "core values" can be done a repre ented above. The value sy tem (VSCNO/) i compo ed of an aggregation of two ub ystem the value objcct ub y tcm (OSe '01) and thc evaluation ub y tcm (E NOI), and the set of relations established between them (RVSc 0/) ' VSCNOI =< £VS(7{OI, RVSc 01> where EVS ev01 =< OSa.'01'£ ~" Ot > .
• All re ources, activitie , b liet: and behaviour that have value to the of the subsystem OSCNOI .
• {Q1Iality. Inno valiOIl, Flexibilily, Reliability } c DOf(), -Evaluation dimensions of the CNO,.
• RVSCNOI is composed of the relations among the two subsystems. The relation that specifies that the C 0 , i evaluated through the evaluation per pective pecore belongs to RVS
Related work
One of the aims of the proposed conceptual model is to offer a framework that embraces, in a coherent way, diverse assumptions about value and value system. In this subsection the proposed conceptual model is compared to related work. Goguen and Linde have developed, since 1978, several studies about value and value system in organizations (Goguen,1994) (Goguen, 2003).They introduced a method for using discourse analysis to determine the value system of an organization from a collection of stories told by members of the organization among themselves on informal occasions. The evaluative material collected from the stories is classified and represented using a formal structure called a value system tree. A value system tree (Goguen, 1994) serves as a formal summary of the interpretation that the analysts gave to data that has been collected. It is possible with the conceptual model proposed above to represent a value system tree, but the formal model proposed by Goguen has several limitations: it only considers one type of relationship between values (hierarchical relationship); it does not make a distinction
Romero et al. (Romero, 2006) have proposed a multi-value system model for VO Breeding Environments as part of the business model. The multi-value system includes the definition of different values: economic, social, and knowledge; and the identification of the stakeholders' participation in the value generation process. The work presented by these researchers does not include a formal specification of value system, neither a clear definition of value. They classify values in: financial, social and knowledge, but some times they also use the term value with the meaning of valuable object. This model for value system does not include the concept of different degrees of importance and is focused essentially on the identification of value transactions.
Another contribution to the study of value systems comes from the Distributed Artificial Intelligence discipline, which has developed some theories about value systems using agents (Filipe, 2003), (Antunes, 2000) , (Rodrigues, 2005) . Filipe (Filipe, 2003) proposed an approach based on organizational agents where it is assumed that an agent it responsible for its values. The agent's preferences with respect to norms are defined in its value system. In this approach an agent can represent a member of an organization or an organization itself. The norms that define the preferences are formally represented using Deontic Logic. This approach to value systems limits the specification to the definition of preferences and does not include the notion of evaluation functions and evaluation dimensions.
The work done by (Rodrigues,2005 ) is based on the Piaget theories (Piaget,1965) on values exchange and is concerned with the dynamics of values in interactions. The focus of our conceptual model is not the representation of value exchange mechanisms, but rather the definition of evaluations functions and dimensions, thus providing the base elements to specify value transaction between actors.
Gordijn, Yao-Huan Tan and Kartseva (Gordijn, 2000) , (Tan, 2004) , (Kartseva, 2004 ) have developed a methodology and an ontology called e3-value in order to define value models that support the business processes. This ontology has introduced the concepts of value o~ject and value activity. It defines an actor as an independent entity that adds value to the system with the performance of value activities. An actor is an economic or legal entity that is engaged in business transactions and exchanges value objects. A value object is defined as a service, thing, or consumer experience that is of value to one or more actors. Each value object has one or more valuation properties that are characterized by a name and a unit that indicates the scale of evaluation. The e3-value model was developed to support e-commerce business and is essentially focused on the economic value of objects and on activities and actors that create economic value (Gordijn, 2000) . One important issue in collaboration sustainability is the agreement about the shared values (Afsarmanesh,2005) , but as the e3-value model does not support the idea of value system as the ordering and prioritization of values, it is not possible with such model to analyze if the members of a eNO share the same values. Another relevant point in eNO management is the agreement among eNO members about the method used to evaluate each object property. This aspect cannot be supported directly with the e3-value model, because it does not consider the specification of evaluations functions, neither the specification of the relationships between functions and characteristics to be evaluated. FUTURE WORK AND RESEARCH ISSUES The proposed conceptual model of a value system for CNOs includes a set of complex entities; some of them may require the adoption of soft modeling perspectives and techniques in order to allow a proper understanding and management. One interesting possibility is to develop a hybrid system, where some entities of the model are represented using crisp techniques and others using soft computing ones. Soft computing methods can exploit the tolerance for imprecision, uncertainty and partial truth (Berthold,2003) . Therefore such methods are promising candidates to deal with aspects related to qualitative evaluation and priority of values. For these two aspects fuzzy logic, which derived from the fuzzy sets theory, seems to be a promising approach. Its objective is to allow degrees of inclusion/relevance of each element in a given set. It means to allow one element to belong in a given set in a bigger or smaller intensity, also known as degree of membership or degree of truth. For instance, to calculate the overall value of an object using a specific evaluation perspective, we can use fuzzy rules to combine the partial values and their weights of importance to infer an overall value When partners have different value systems, which typically leads to different perceptions of values, non-collaborative behaviors are likely to develop. Consequently, the development of a common value system in a CNO context is an important step to support the sustainability of a collaborative behavior over time (Abreu, 2006) . In order to overcome this problem, mechanisms to reason about the compatibility among value systems should be developed. The first step is to specify forms of comparison or identification of relationships between value systems of different members. Causal modeling seems to be a good tool to deal with this. This method has naturally grown due to a need for a sketching technique to support and facilitate reasoning about cause and effect. It builds upon a binary relationship, called an influence relationship, between two entities that represent named quantitative or qualitative value or value set. Whereby changes in the influencing entity are conveyed as changes in the influenced entity (Greenland, 2002) .
Example: Analysis of innuence between values
The causal modelling method may be used to model: • Causal relations among organizational values--this will allow to analyze the influence among values. For example it is possible to specify, for a university. that the value of Knowledge influences positively the value of Prestige.
• Inter-relation of influence between values of distinct members. An university and an industry are two type of organization that are expected 10 give different priorities to their evaluation dimensions. In spite of this, it is po ible that a sustainable collaborative relationship is e tablished between them. So different influence relation.~hips between values systems do not mean that their level of alignment is low. In the example illustrated in Fig. 4 three inter-relations of influence are represented:
• Industry-prestige influences po itively the University-prestige. If a University collaborates with a prestigious industry then the value of pre tige of the university tends to increase.
• Univer ity-prestige influence positively the industry-prestige. If an industry collaborates with a prestigiou university then the level of prestige of the industry tends to increase.
• University-Knowledge influence po itively the Industry-Technological Capacity. If an industry collaborates with a university with a high degree of knowledge then the university tends to "transfer" its knowledge to industry in form of best-practices, develo in the teehnolo ieal skills of indus worker and cons uenll the tcchnolo 'cal capacity level will increase. The degree of importance of each value is also relevant and should be represented. In the example represented in Fig. 4 , the industry docs not consider the technological capacity as a priority. So in spite of the positive causal inter-relationship between University -Knowledge and Indll.~lTy-rechnological Capacity, this inter-relationship does not contribute to the alignment of the two value systems because Industry will not value the knowledge contribution from the university.
University
The processes of analyzing and formulating policies for CNOs are an important and critical issue, which must consider the influence and causal effect, which may lead to their effectiveness or ineffectiveness. In the process of formulating policies, all important values of all stakeholders must be considered. The causal analysis can be applied in order to understand the causal effects in each partner of applying some policies depending on the value system of each partner.
Another research issue that is very important is the development of a methodology to define a value system for a CNO in a collaborative way. As mentioned above, one of the difficulties about value system definition is the ambiguity about the meaning of values and evaluation characteristics so, this methodology has to be supported by collaborative negotiation and meaning negotiation. The work done in the areas of meaning negotiation (Moor, 2006) , meaning evolution, and ontology'S alignment (Kotis, 2004 ) may give some hints in order to define a proper methodology for common value system definition in CNOs.
CONCLUSIONS
The characterization and understanding of value systems is a key condition for improving the sustainability of collaborative networks. In this context and considering the notions of value system suggested in different disciplines, an attempt to provide a comprehensive formal conceptual framework was made. The conceptualization of value system is expected to promote a shared understanding among the different stakeholders of the network. This framework is also suggested as the baseline for further research and development in the area, namely in what concerns the issue of alignment or compatibility of value systems.
